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(54) SERVO ACTUATOR DEVICE IN VEHICLE CRASH SIMULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a servo actuator 
device in a vehicle crash simulator improving accuracy of 
simulation wave forms by adopting a meter out method 
that controls the amount of working fluid flowing out from 
a hydraulic actuator 10. 

SOLUTION: The servo actuator device in the vehicle 
crash simulator pushes out a piston rod 15 of the 
hydraulic actuator 10 toward a cart 2 mounting a body 9 
to be tested using the working fluid 14 stored and 
pressurized in an accumulator 12. The accumulator 12 is 
connected so that the working fluid directly flows into the 
hydraulic actuator 10, and a servo valve 11 is connected 
so as to compose a meter out circuit that controls the 
working fluid flowing out from the hydraulic actuator 10. 



CLAIMS 


[Claim(s)] 

[Claim 1] Servo-actuator equipment in the automobile collision simulator characterized by to connect said 
accumulator so that it may be servo-actuator equipment in the automobile collision simulator which hammers 
out a specimen towards the cart to carry and hydraulic oil may flow the piston rod of an actuator into said 
actuator directly with the hydraulic oil accumulated with the accumulator, to connect said servo valve so that 
the hydraulic oil which flows out of an actuator may be controlled, and to constitute the meter-out circuit. 
[Claim 2] Said accumulator is attached in this cylinder and parallel at the posterior part of the cylinder of said 
actuator. Said accumulator and said cylinder are directly linked through passage, and the duct which supplies 
hydraulic oil is connected with said accumulator from a pump unit in this passage. Said servo valve is servo- 
actuator equipment in the automobile collision simulator according to claim 1 characterized by being attached 
in this cylinder and parallel at the anterior part periphery of said cylinder, and connecting this servo valve and 
said cylinder through passage. 

[Claim 3] Said piston rod is servo-actuator equipment in the automobile collision simulator according to claim 
1 or 2 characterized by having been prepared before and after the piston and having projected outside from 
said cylinder order. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the servo-actuator equipment in the automobile collision 

simulator which used the meter out control system. 

[0002] 

[Description of the Prior Art] The servo-actuator equipment used for drawing 3 by the conventional 
automobile collision simulator is shown. The outiine configuration of this servo-actuator equipment 3 is 
carried out with the actuator 10, the servo valve 11, and the accumulator 12. An actuator 10 consists of the 
piston 14 and piston rod 15 which were formed in a cylinder 13 and this cylinder 13. The piston rod 15 was 
projected from the anterior part of a cylinder 13, and the tip has countered the back end side of said cart 2. 
[0003] The servo valve 1 1 consists of spools 31 prepared in the oil sac 30 formed in the posterior part of the 
cylinder 13 of an actuator 10. The passage 32 containing hydraulic oil and the passage 33 which discharges 
hydraulic oil to an oil tank are connected [ oil sac / 30 ]. 

[0004] An accumulator 12 consists of a body 22 of an accumulator of the cylinder mold attached in the back 
end section of a cylinder 1 3, and a piston 23 prepared in this body 22 of an accumulator. ** of hydraulic oil 
24 and a posterior part is filled up with gas 25, such as nitrogen, at ** of the anterior part (actuator 10 side) of 
a piston 23. Hydraulic oil 24 flows from said passage 32 to a servo valve 1 1, and the piping 35 which supplies 
a pressure oil from a pump unit leads to passage 32. . 

[0005] The hydraulic oil 24 accumulated with the accumulator 12 flows into an actuator 10 through passage 
36, a piston rod 15 is hammered out, and a cart 2 and a specimen 9 are made to generate acceleration 
equivalent to a real vehicle collision, when a servo valve 1 opens. 
[0006] 

[Problem(s) to be Solved by the Invention] Since the servo-actuator equipment in the above-mentioned 
conventional automobile collision simulator is a meter-in system which controls the amount of the hydraulic 
oil which flows into an actuator 10 by the servo valve 11, the oil pressure force in the actuator 10 before 
printing initiation is equal to atmospheric pressure. This meter-in system did not have the leakage of the 
hydraulic oil from a piston rod 15, and since it started printing in the condition that the rigidity of the 
hydraulic oil in an actuator is low while it had the advantage that the capacity of the pump at the time of 
pressure accumulation of. an accumulator 12 was small, and ended, its initial responsibility of a piston was bad 
and it had the technical problem that simulation wave precision was bad. 

[0007] This invention aims at offering the servo-actuator equipment in the automobile collision simulator 
which raised simulation wave precision by adopting the meter out control system which controls the amount 
of the hydraulic oil which flows out of an actuator in view of the technical problem of this conventional 
technique. 
[0008] 

[Means for Solving the Problem] This invention is characterized by connecting said accumulator so that it 
may be servo-actuator equipment in the automobile collision simulator which hammers out a specimen 
towards the cart to carry and hydraulic oil may flow the piston rod of an actuator into said actuator direcdy 
with the hydraulic oil accumulated with the accumulator, in order to solve this technical problem, connecting 
said servo valve so that the hydraulic oil which flows out of an actuator may be controlled, and constituting 
the meter-out circuit. 

[0009] According to this invention, the hydraulic oil in an actuator flows out, a piston rod is hammered out by 
the pressure of the hydraulic oil of an accumulator, it hits against a cart, and a cart and a specimen are made 
to generate acceleration equivalent to a real vehicle collision by supplying hydraulic oil to an accumulator, 


accumulating pressure to it, where a servo valve is closed, and opening a servo valve in this condition. Thus, 
since the hydraulic oil in an actuator serves as high pressure equal to the pressure of an accumulator at the 
time of printing initiation of a piston rod since it considered as the meter out control system which controls 
the hydraulic oil by the side of the outflow by the servo valve, and the rigidity of hydraulic oil becomes high, 
printing responsibility can improve and the whole simulation precision can be raised greatly. 
[0010] Moreover, said accumulator is attached in this cylinder and parallel for this invention at the posterior 
part of the cylinder of said actuator. Said accumulator and said cylinder are directly linked through passage, 
and the duct which supplies hydraulic oil is connected with said accumulator from a pump unit in this 
passage. Said servo valve is attached in this cylinder and parallel at the anterior part periphery of said 
cylinder, and it is characterized by connecting this servo valve and said cylinder through passage. 
[001 1] Since the accumulator and the actuator are directly linked through passage, while according to this 
invention the hydraulic oil of an accumulator carries out a direct action to the piston of an actuator and 
powerful and high printing of precision of it becomes possible, since the servo valve is attached in the anterior 
part periphery of a cylinder, it can constitute the meter out which is an outflow side and controls hydraulic oil. 

[0012] Moreover, this invention is characterized by having formed said piston rod before and after the piston, 
and having projected it outside from said cylinder order. Since the piston rod formed before and after the 
piston has projected from cylinder order according to this invention, it becomes possible to make good 
actuation of balance perform at a piston. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail using the example shown in 
the drawing. However, the dimension of the component part indicated by this example, a configuration, its 
relative configuration, etc. are not the meaning that limits the range of this invention only to it but only the 
mere examples of explanation, as long as there is no. specific publication especially. In addition, in each 
drawing, the same sign shows the same member as drawing 3 , or the thing of the same function. 
[0014] Drawing 1 is the outline block diagram of a hydraulic automobile collision simulator. As shown in this 
drawing, the hydraulic automobile collision simulator is equipped with the cart 2 which carries the specimen 9 
which consists of a dummy doll or the White body, and glides over a rail 1 top, the servo- actuator equipment 
3 which hammers out this cart 2 in a target acceleration wave, operation and the control panel 4 which are 
installed near this servo-actuator equipment 3, and the hydraulic power unit 5 which supplies hydraulic oil to 
servo-actuator equipment 3. 

[0015] The hydraulic power unit 5 consists of a pump unit, a tank unit, a cooling system, etc., and supplies the 
hydraulic oil accumulated to the accumulator (after-mentioned) of a servo actuator 3. The cart return 
mechanism 6 for leading the hammered-out cart 2 to an initial valve position near the servo-actuator 
equipment 3 is installed. The shock absorber 7 is installed in the end of a rail 1 as a safety device for overrun 
of a cart 2. Operation is performed by operation and the control panel 4. Servo-actuator equipment 3 hammers 
out the cart 2 which carries the specimen 9 which consists of a dummy doll or the White body in a target 
acceleration wave. Thereby, a cart 2 glides over a rail 1 top, and stops by the internal-organs brake. 
[0016] The example of said servo-actuator equipment 3 is shown in drawing 2 . As shown in this drawing, the 
outline configuration of the servo-actuator equipment 3 is carried out by the actuator 10, the accumulator 12, 
and the servo valve 1 1. An actuator 10 consists of the piston 14 and piston rod 15 which were formed in a 
cylinder 13 and this cylinder 13. A piston rod 15 is projected to piston 14 order both sides, anterior part is 
projected outside from the anterior part of a cylinder 13, a tip counters the back end side of said cart 2, a 
projection is established outside from the posterior part of a cylinder 13, and, as for the posterior part, 
covering 16 is formed in the perimeter. 

[0017] An accumulator 12 becomes the back end section of the cylinder 13 of an actuator 10 from a cylinder 
13, the body 22 of an accumulator of the cylinder mold attached in parallel, and the piston 23 prepared in this 


body 22 of an accumulator. ** of the anterior part (actuator 10 side) of this piston 23 is filled up with 
hydraulic oil 24, and hind ** is filled up with gas 25, such as nitrogen. ** of the body 22 of an accumulator 
and a cylinder 13 are linked directly in passage 26. A pressure oil is supplied to passage 26 through piping 28 
from the pump unit of a hydraulic power unit 5. 

[0018] A servo valve 1 1 consists of spool 21 prepared at the anterior part periphery of the cylinder 13 of an 
actuator 10 in a cylinder 13, the valve body 18 of the cylinder mold attached in parallel, and this valve body 
18. The port 19 which passes in an actuator 10, and the port 20 which passes to an oil tank are formed in the 
valve body 18. It is made to operate with the control signal of a request of this spool 21, and the path of ports 
19 and 20 is opened and closed. 

[0019] Next, actuation of the above-mentioned servo-actuator equipment 3 is explained. Through piping 28, 
hydraulic oil 24 is supplied to an accumulator 12, and pressure is accumulated from the pump unit of a 
hydraulic power unit 5 to it. A piston 14 moves ahead by the pressure of the hydraulic oil 24 of an 
accumulator 12, a piston rod 15 is turned to a cart 2, and is hammered [ the hydraulic oil in an actuator 10 
flows out of ports 19 and 20, ] out, and a cart 2 and a specimen 9 are made to generate acceleration equivalent 
to a real vehicle collision by moving the spool 21 of a servo valve 1 1 leftward [ of drawing 2 ] in this 
condition, and opening between a port 19 and 20. 

[0020] As mentioned above, since it considered as the so-called meter out control system which controls the 
hydraulic oil which flows a servo valve 1 1 out of an actuator 10 by this example, it is high pressure with the 
hydraulic oil equal to the pressure of an accumulator 12 at the time of printing initiation of a piston rod 15 in 
an actuator 10, therefore since the rigidity of hydraulic oil becomes high, printing responsibility improves. 
Generally, the simulation precision of the whole collision wave is greatly influenced by the precision 
immediately after printing, and can raise the whole simulation precision greatly by raising the responsibility at 
the time of printing. 

[0021] If an actuator 10 is controlled by the meter out control system of this invention, at the time of printing 
initiation of the condition of drawing 2 , the hydraulic oil in an actuator 10 is high pressure equally to the 
pressure of an accumulator 12, and since the rigidity of hydraulic oil becomes high, it will hammer out, and 
will enable it for responsibility to become good and to raise the responsibility at the time of printing. 
[0022] 

[Effect of the Invention] As mentioned above, since what is necessary is just to change arrangement of a servo 
valve while being able to raise the responsibility at the time of printing by adopting the meter out control 
system which controls the amount of the hydraulic oil which flows out of an actuator by the servo valve 
. according to this invention and being able to raise greatly the simulation wave precision in an automobile 
collision simulator like a publication, it is effective in being realizable by low cost. 
[0023] Moreover, since the accumulator and the actuator are directly linked through passage, while according 
to this invention the hydraulic oil of an accumulator carries out a direct action to the piston of an actuator and 
powerful and high printing of precision of it becomes possible, since the servo valve is attached in the anterior 
part periphery of a cylinder, it can constitute the meter out which is an outflow side and controls hydraulic oil. 
Moreover, since the piston rod formed before and after the piston has projected from cylinder order according 
to this invention, it becomes possible to make good actuation of balance perform at a piston. 


TECHNICAL FIELD 


[Field of the Invention] This invention relates to the servo-actuator equipment in the automobile collision 
simulator which used the meter out control system. 


PRIOR ART 


Pescription of the Prior Art] The servo-actuator equipment used for drawing 3 by the conventional 
automobile collision simulator is shown. The outline configuration of this servo-actuator equipment 3 is 
carried out with the actuator 10, the servo valve 11, and the accumulator 12. An actuator 10 consists of the 
piston 14 and piston rod 15 which were formed in a cylinder 13 and this cylinder 13. The piston rod 15 was 
projected from the anterior part of a cylinder 13, and the tip has countered the back end side of said cart 2. 
[0003] The servo valve 1 1 consists of spools 31 prepared in the oil sac 30 formed in the posterior part of the 
cylinder 13 of an actuator 10. The passage 32 containing hydraulic oil and the passage 33 which discharges 
hydraulic oil to an oil tank are connected [ oil sac / 30 ]. 

[0004] An accumulator 12 consists of a body 22 of an accumulator of the cylinder mold attached in the back 
end section of a cylinder 13, and a piston 23 prepared in this body 22 of an accumulator. ** of hydraulic oil 
24 and a posterior part is filled up with gas 25, such as nitrogen, at ** of the anterior part (actuator 10 side) of 
a piston 23. Hydraulic oil 24 flows from said passage 32 to a servo valve 1 1, and the piping 35 which supplies 
a pressure oil from a pump unit leads to passage 32. 

[0005] The hydraulic oil 24 accumulated with the accumulator 12 flows into an actuator 10 through passage 
36, a piston rod 15 is hammered out, and a cart 2 and a specimen 9 are made to generate acceleration 
equivalent to a real vehicle collision, when a servo valve 1 opens. 


EFFECT OF THE INVENTION 


[Effect of the Invention] As mentioned above, since what is necessary is just to change arrangement of a servo 
valve while being able to raise the responsibility at the time of printing by adopting the meter out control 
system which controls the amount of the hydraulic oil which flows out of an actuator by the servo valve ' 
according to this invention and being able to raise greatly the simulation wave precision in an automobile 
collision simulator like a publication, it is effective in being realizable by low cost. 
[0023] Moreover, since the accumulator and the actuator are directly linked through passage, while according 
to this invention the hydraulic oil of an accumulator carries out a direct action to the piston of an actuator and 
powerful and high printing of precision of it becomes possible, since the servo valve is attached in the anterior 
part periphery of a cylinder, it can constitute the meter out which is an outflow side and controls hydraulic oil. 
Moreover, since the piston rod formed before and after the piston has projected from cylinder order according 
to this invention, it becomes possible to make good actuation of balance perform at a piston. 


TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Since the servo-actuator equipment in the above-mentioned 
conventional automobile collision simulator is a meter-in system which controls the amount of the hydraulic . 
oil which flows into an actuator 10 by the servo valve 1 1, the oil pressure force in the actuator 10 before 
printing initiation is equal to atmospheric pressure. This meter-in system did not have the leakage of the 
hydraulic oil from a piston rod 15, and since it started printing in the condition that the rigidity of the 
hydraulic oil in an actuator is low while it had the advantage that the capacity of the pump at the time of 
pressure accumulation of an accumulator 12 was small, and ended, its initial responsibility of a piston was bad 
and it had the technical problem that simulation wave precision was bad. 

[0007] This invention aims at offering the servo-actuator equipment in the automobile collision simulator 
which raised simulation wave precision by adopting the meter out control system which controls the amount 
of the hydraulic oil which flows out of an actuator in view of the technical problem of this conventional 
technique. 


MEANS 


[Means for Solving the Problem] This invention is characterized by connecting said accumulator so that it 
may be servo-actuator equipment in the automobile collision simulator which hammers out a specimen 
towards the cart to carry and hydraulic oil may flow the piston rod of an actuator into said actuator directly 
with the hydraulic oil accumulated with the accumulator, in order to solve this technical problem, connecting 
said servo valve so that the hydraulic oil which flows out of an actuator may be controlled, and constituting 
the meter-out circuit. 

[0009] According to this invention, the hydraulic oil in an actuator flows out, a piston rod is hammered out by 
the pressure of the hydraulic oil of an accumulator, it hits against a cart, and a cart and a specimen are made 
to generate acceleration equivalent to a real vehicle collision by supplying hydraulic oil to an accumulator, 
accumulating pressure to it, where a servo valve is closed, and opening a servo valve in this condition. Thus, 
since the hydraulic oil in an actuator serves as high pressure equal to the pressure of an accumulator at the 
time of printing initiation of a piston rod since it considered as the meter out control system which controls 
the hydraulic oil by the side of the outflow by the servo valve, and the rigidity of hydraulic oil becomes high, 
printing responsibility can improve and the whole simulation precision can be raised greatly. 
[0010] Moreover, said accumulator is attached in this cylinder and parallel for this invention at the posterior 
part of the cylinder of said actuator. Said accumulator and said cylinder are directly linked through passage, 
and the duct which supplies hydraulic oil is connected with said accumulator from a pump unit in this 
passage. Said servo valve is attached in this cylinder and parallel at the anterior part periphery of said 
cylinder, and it is characterized by connecting this servo valve and said cylinder through passage. 
[001 1] Since the accumulator and the actuator are directly linked through passage, while according to this 
invention the hydraulic oil of an accumulator carries out a direct action to the piston of an actuator and 
powerful and high printing of precision of it becomes possible, since the servo valve is attached in the anterior 
part periphery of a cylinder, it can constitute the meter out which is an outflow side and controls hydraulic oil. 

[0012] Moreover, this invention is characterized by having formed said piston rod before and after the piston, 
and having projected it outside from said cylinder order. Since the piston rod formed before and after the 
piston has projected from cylinder order according to this invention, it becomes possible to make good 
actuation of balance perform at a piston. 

[0013] , u 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail using the example shown m 
the drawing. However, the dimension of the component part indicated by this example, a configuration, its 
relative configuration, etc. are not the meaning that limits the range of this invention only to it but only the 
mere examples of explanation, as long as there is no specific publication especially. In addition, in each 
drawing, the same sign shows the same member as drawing 3 , or the thing of the same function. 
[0014] Drawing 1 is the outline block diagram of a hydraulic automobile collision simulator. As shown in this 
drawing, the hydraulic automobile collision simulator is equipped with the cart 2 which carries the specimen 9 
which consists of a dummy doll or the White body, and glides over a rail 1 top, the servo-actuator equipment 
3 which hammers out this cart 2 in a target acceleration wave, operation and the control panel 4 which are 
installed near this servo-actuator equipment 3, and the hydraulic power unit 5 which supplies hydraulic oil to 
servo-actuator equipment 3. 

[0015] The hydraulic power unit 5 consists of a pump unit, a tank unit, a cooling system, etc., and supplies the 
hydraulic oil accumulated to the accumulator (after-mentioned) of a servo actuator 3. The cart return 
mechanism 6 for leading the hammered-out cart 2 to an initial valve position near the servo- actuator 
equipment 3 is installed. The shock absorber 7 is installed in the end of a rail 1 as a safety device for overrun 


of a cart 2. Operation is performed by operation and the control panel 4. Servo-actuator equipment 3 hammers 
out the cart 2 which carries the specimen 9 which consists of a dummy doll or the White body in a target 
acceleration wave. Thereby, a cart 2 glides over a rail 1 top, and stops by the internal-organs brake. 
[0016] The example of said servo-actuator equipment 3 is shown in drawing 2 . As shown in this drawing, the 
outline configuration of the servo-actuator equipment 3 is carried out by the actuator 10, the accumulator 12, 
and the servo valve 1 1. An actuator 10 consists of the piston 14 and piston rod 15 which were formed in a 
cylinder 13 and this cylinder 13. A piston rod 15 is projected to piston 14 order both sides, anterior part is 
projected outside from the anterior part of a cylinder 13, a tip counters the back end side of said cart 2, a 
projection is established outside from the posterior part of a cylinder 13, and, as for the posterior part, 
covering 16 is formed in the perimeter. 

[0017] An accumulator 12 becomes the back end section of the cylinder 13 of an actuator 10 from a cylinder 
13, the body 22 of an accumulator of the cylinder mold attached in parallel, and the piston 23 prepared in this 
body 22 of an accumulator. ** of the anterior part (actuator 10 side) of this piston 23 is filled up with 
hydraulic oil 24, and hind ** is filled up with gas 25, such as nitrogen. ** of the body 22 of an accumulator 
and a cylinder 13 are linked directly in passage 26. A pressure oil is supplied to passage 26 through piping 28 
from the pump unit of a hydraulic power unit 5. 

[0018] A servo valve 1 1 consists of spool 21 prepared at the anterior part periphery of the cylinder 13 of an 
actuator 10 in a cylinder 13, the valve body 18 of the cylinder mold attached in parallel, and this valve body 
18. The port 19 which passes in an actuator 10, and the port 20 which passes to an oil tank are formed in the 
valve body 1 8. It is made to operate with the control signal of a request of this spool 21 , and the path of ports 
19 and 20 is opened and closed. 

[0019] Next, actuation of the above-mentioned servo-actuator equipment 3 is explained. Through piping 28, 
hydraulic oil 24 is supplied to an accumulator 12, and pressure is accumulated from the pump unit of a 
hydraulic power unit 5 to it. A piston 14 moves ahead by the pressure of the hydraulic oil 24 of an 
accumulator 12, a piston rod 15 is turned to a cart 2, and is hammered [ the hydraulic oil in an actuator 10 
flows out of ports 19 and 20, ] out, and a cart 2 and a specimen 9 are made to generate acceleration equivalent 
to a real vehicle collision by moving the spool 21 of a servo valve 1 1 leftward [ of drawing 2 ] in this 
condition, and opening between a port 19 and 20. 

[0020] As mentioned above, since it considered as the so-called meter out control system which controls the 
hydraulic oil which flows a servo valve 1 1 out of an actuator 10 by this example, it is high pressure with the 
hydraulic oil equal to the pressure of an accumulator 12 at the time of printing initiation of a piston rod 15 in 
an actuator 10, therefore since the rigidity of hydraulic oil becomes high, printing responsibility improves. 
Generally, the simulation precision of the whole collision wave is greatly influenced by the precision 
immediately after printing, and can raise the whole simulation precision greatly by raising the responsibility at 
the time of printing. 

[0021] If an actuator 10 is controlled by the meter out control system of this invention, at the time of printing 
initiation of the condition of drawing 2 , the hydraulic oil in an actuator 10 is high pressure equally to the 
pressure of an accumulator 12, and since the rigidity of hydraulic oil becomes high, it will hammer out, and 
will enable it for responsibility to become good and to raise the responsibility at the time of printing. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 11 It is the outline block diagram of the automobile collision simulator using servo-actuator 
equipment. 

[Drawing 2] It is the vertical section side elevation showing the example of the servo-actuator equipment in 
the automobile collision simulator of this invention. 

[Drawing 31 It is the vertical section side elevation of conventional servo-actuator equipment. 
Pescription of Notations] 

2 Cart 

3 Servo-Actuator Equipment 

5 Hydraulic Power Unit (Pump Unit) 

10 Actuator 

1 1 Servo Valve 

12 Accumulator 

13 Cylinder 

14 Piston 

15 Piston Rod 
24 Hydraulic Oil 
26, 32, 33 Passage 
28 Duct 
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